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Many types of human activities involve interactions with passive
objects. Thus, by wirelessly sensing human interactions with such
“things”, one can infer activities at a fine resolution, enabling a new
wave of ubiquitous computing applications. On the one hand, the
ability to sense touch in the physical world can form the basis of
the tangible user interface, which allows human to use omnipresent
objects as a command-and-control interface to the digital world
[13, 31, 35, 36]. On the other hand, the sequence of objects used
can enable inference of human activities [25, 29]. Logs of objects
touched can become the basis of “experience sampling” [6] or “life-
logging” [16] that try to reconstruct a user’s day. Post-processing
of the logs can support many activity-aware applications, such as
stroke rehabilitation assessment in homes, consumer analytics for
retail stores [14, 21] etc.

To harvest these benefits, a practical system needs to satisfy
two requirements. First, such system needs to sense touches on dif-
ferent spots of the same object, and be able to distinguish touches
on different objects. Second, it requires to be simple, flexible and
cheap enough so that users are able to fabricate them using the
off-the-shield inkjet printer or paints in large scale without pro-
fessional engineering skills. Although many existing sensors can
detect object usages and touch interactions using heterogeneous
machine learning algorithms e.g. motion sensors [29] and cam-
eras [10, 15, 20], they often require augmenting the objects with
batteries/circuits, or may provoke strong visual privacy concerns
[7]. RFID technology can overcome such limitations by attaching
energy-harvesting tags on objects. However, their antennas are
typically made of metal pieces using screen printing approach and
cannot be easily attach on non-flat surface of irregular objects. Be-
side, they are barely used in common consumers’ daily life due to
the high costs compared to printed barcodes [35].

This project explores the feasibility and limits of long range inkjet
printable Capacitive Communications, Sensing and Identifications
Tags (CapTags), empowering a new paradigm of communications
and sensing modality for future generation printable IoTs. Figure 1
in the Appendix shows our long-term vision where CapTag is a pas-
sive paper-like tag, comprised of chipless or chip-based capacitive
communication/sensing components, together with printable elec-
trodes (capacitive “antennas”). Owing to its passive nature and thin
form factor, CapTag can be attached on everyday objects and even
woven into clothes, thus truly advancing Weiser’s vision of ubiqui-
tous computing [37]. Our project aims to tackle two fundamental
questions:

• Design and Fabrications: How to design the printable
capacitive-coupled tags as well as interaction surfaces, such that

* Ke will join UC San Diego as a doctorate student in Fall 2019.

any user can customize and print the tags to accommodate their
own sensing/identification applications?

• Sensing and CommunicationAlgorithms:How to extend
the capacitive sensing range for both air-coupling and body-
coupling communications?

To address these challenges, we will design the tag structure to
ensure easy fabrication on off-the-shelf inkjet printers [4, 5] without
professional skills. We propose to use capacitive coupling [43] as
the sensing and communication method because it does not have
strict requirements on the resistance and shape of antenna, meaning
conductive inks having moderate resistance can be used to fabricate
such antennas [11, 12, 22, 23, 35]. Based on our works on chipless
passive RFID [13] and prior art in capacitive wireless power transfer
[8, 18], we introduce an approach to achieve hardware featurization
where the resonating frequencies of passive printable resonators on
the tag are used to encode information that can be read remotely
by an interrogator, i.e. reader.

To enable long range sensing with high reliability, we propose a
novel sensing approach, named as High Frequency Swept Frequency
Resonating Sensing (HF-SFRS). Unlike prior works that examine
spectrum less than 5MHz [26, 38–41], CapTag’s features will be
sensed up to 800MHz frequencies. Evidence from high pass charac-
teristics of capacitors and Personal Area Network (PAN) [17, 24, 42]
supports the intuitions that higher frequency allows more displace-
ment current passing through the coupling region, leading to long
sensing range and higher reliability. Furthermore, we introduce
a mixture of closed-form and data-driven approaches to identify
human-tag interactions and surrounding sensings. This means the
constant resonating properties created by resonators of CapTag can
be used to mark unique touch points, while the inconstant res-
onating properties reveal the characteristics resulting from diverse
surroundings and movements. This allows us to interpret the phys-
ical environment and identify human-tag interactions under the
same settings.

Through preliminary feasibility study, we have proven that the
resonating characteristics can be observed via capacitive coupling
with frequency sweeping up to 800MHz in long spatial range. Be-
sides tagging, we see the potentials for incorporating CapTags into
scalable printable IoT infrastructures, for realizing printable human-
object interaction surface, supply-chain tagging and resonating-
characteristics based biometric authentications etc. To further mo-
tivate our vision, we marked ubiquitous interaction surfaces and
mechanical buttons in our building, which can be repurposed easily
into printable IoT with CapTag (see figure 2). We encourage the rich
harvesting of pervasive infrastructures such as floors and furniture
etc. as the environmental antenna, truly embedding the sensing and
communications into ubiquitous background [37] and realizing the
vision of printable ubiquitous computing.
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APPENDIX
Figures and Conceptual Diagrams

Figure 1: Conceptual diagram ofCapTags. We envision these
tags can be widely used for heterogeneous applications. For
example, by combining printing antenna with discrete res-
onators, it is possible to create multi-touchpoints where dif-
ferent touch locations can be identified from resonance fre-
quencies in spectrum. With the supports of the RFID chips
and passive sensors, these tags can be widely used in sup-
ply chain and surroundings inferences in smart space [19]
where data can be decoded from time-series samples. To
build a printable IoT, we also propose an industrial standard-
ized cloud,where both developers and users can utilizing the
off-the-shield Platform as a Service (PaaS) and Software as a
Service (SaaS).

Figure 2: Ubiquitous interaction surfaces/buttons in Atkin-
son Hall, the Qualcomm Institute Building at UC San Diego
[30]. We envision to use printable CapTag to replace many
of these interaction surface and mechanical buttons. Note
that the iClicker shown in (b) is a student remote response
system, widely used in many US institutions as classroom
engagement tools [1].
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Research Plan
As an initial proposed plan, this project will be executed in 3 phases:

• Phase 1: Sensing Modality Evaluations:
- Evaluate and benchmark the sensing modality via capaci-
tive coupling in terms of sensing range, electrical field plate
antenna size as well as the communication medium, e.g. air
and human body etc;

- Evaluate the potentially of using customized designed dis-
crete resonators, off-the-shield RFID chips and the passive
sensors to distinguish different touch points on time domain
and frequency domain;

- Performancemeasurements of using inkjet printing approach,
e.g. [2] and off-the-shield paints e.g. [4];

Provisional Duration: September ’18 - February ’19;
• Phase 2: Sensing System Design and Prototyping:
- Build the reader for data acquisition and tag hardware, such
that the signal can be collected reliably;

- Investigate the optimal algorithms for detecting spikes from
frequency response if discrete resonators are used and bit
stream from time-series data if RFID chips are repurposed;

- Run heterogeneous pilot user study to evaluate the perfor-
mance and sensing reliability across different individuals,
space and time;

Provisional Duration: February ’19 - May ’19;
•Phase 3: Toward aUbiquitous Printable Internet of Things:
- Design and build a scalable backend server that is able to
handle sensor stream coming from different nodes;

- Scale out the tags and incorporating into various scenarios
e.g. touch interface and PAN, and continue investigate the
potentiality of printable ubiquitous Internet of Things;

Provisional Duration: May ’19 - December ’19;

Team Members
Chen Chen is a first year Ph.D. student at the Department of
Computer Science and Engineering, UC San Diego under the advi-
sor of Prof. Xinyu Zhang. He received a Master of Science degree
in Electrical and Computer Engineering from the Carnegie Mel-
lon University (Winter 2017) and a First Class Bachelor of Engi-
neering degree in Electrical and Electronic Engineering from the
University of Nottingham, UK (Summer 2016). His research inter-
ests are broadly include mobile computing and wireless sensing
for human-computer interactions. His previous research work on
Mites/Synthetic Sensor under the advisors of Prof. Yuvraj Agarwal
from Institute for Software Research and Prof. Christopher Har-
rison from Human Computer Interaction Institutes at Carnegie
Mellon University was filed under US Patent [3] and is now in the
process of being commercialized! For more information about him,
please visit: http://cseweb.ucsd.edu/~chc004/.

Ke Sun will join the Department of Computer Science and En-
gineering, UC San Diego as a Ph.D. student in Fall 2019 under
the advisor of Prof. Xinyu Zhang. He is currently a final year
Master student advised by Prof. Wei Wang at the Department of
Computer Science, Nanjing University, China. He was conferred
a Bachelor of Science Degree in Computer Science from Nanjing
University of Aeronautics and Astronautics, China with national

Outstanding Undergraduate Award (Summer 2016). His research
interests mainly include wireless sensing, mobile computing as well
as human-computer interactions. As an outstanding researcher, his
previous works were frequently published in several top tier confer-
ences including ACM MobiCom 2018 [28] and 2016 [34], IMWUT
(UbiComp) 2018 [32], ICPP 2018 [9], MobiSys 2018 [27], and IEEE
SECON 2018 [33]. For more information about him, please visit:
https://samsonsjarkal.github.io/KeSun/.

REFERENCES
[1] [n. d.]. Pricing - iClicker. https://www.iclicker.com. ([n. d.]). (Accessed on

01/09/2019).
[2] [n. d.]. Print Conductive Circuits With an Inkjet Printer:

14 Steps (with Pictures). https://www.instructables.com/id/
Print-Conductive-Circuits-With-An-Inkjet-Printer/. ([n. d.]). (Accessed
on 01/08/2019).

[3] Yuvraj Agarwal, Christopher Harrison, Boovaraghavan Sudershan Laput, Gierad,
Chen Chen, Abhijit Hota, Bo Robert Xiao, and Yang Zhang. 2018. Virtual Sensor
System. (October 2018).

[4] Amazon. 2018. MG Chemicals Total Ground Carbon Conductive Coating 340 g
Aerosol Can Dark Grey. (2018). https://www.amazon.com/dp/B008OA931A/ref=
cm_sw_su_dp#feature-bullets-btf

[5] Bare Conductive Inc. 2018. Electric Paint 50ML. (2018). https://www.
bareconductive.com/shop/electric-paint-50ml/

[6] Lisa Feldman Barrett and Daniel J. Barrett. 2001. An Introduction to Com-
puterized Experience Sampling in Psychology. Social Science Computer
Review 19, 2 (2001), 175–185. https://doi.org/10.1177/089443930101900204
arXiv:https://doi.org/10.1177/089443930101900204

[7] Aniruddha Bhattacharjya, Xiaofeng Zhong, Jing Wang, and Xing Li. 2019. Secu-
rity Challenges and Concerns of Internet of Things (IoT). Springer International
Publishing, Cham, 153–185. https://doi.org/10.1007/978-3-319-92564-6_7

[8] Guilherme G da Silva and Clovis A Petry. 2015. Capacitive Wireless Power
Transfer System Applied to Low-Power Mobile Device Charging. International
Journal of Electrical Energy 3, 4 (December 2015).

[9] Haipeng Dai, Ke Sun, Alex X. Liu, Lijun Zhang, Jiaqi Zheng, and Guihai Chen.
2018. Charging Task Scheduling for Directional Wireless Charger Networks. In
Proceedings of the 47th International Conference on Parallel Processing (ICPP 2018).
ACM, New York, NY, USA, Article 10, 10 pages. https://doi.org/10.1145/3225058.
3225080

[10] Vincent Delaitre, Josef Sivic, and Ivan Laptev. 2011. Learning person-
object interactions for action recognition in still images. In Ad-
vances in Neural Information Processing Systems 24, J. Shawe-Taylor,
R. S. Zemel, P. L. Bartlett, F. Pereira, and K. Q. Weinberger (Eds.).
Curran Associates, Inc., 1503–1511. http://papers.nips.cc/paper/
4224-learning-person-object-interactions-for-action-recognition-in-still-images.
pdf

[11] Noel H. Eberhardt. 2000. Radio Frequency Identification Tag Having a Printed
Antenna and Method. (January 2000).

[12] Noel H. Eberhardt and Sanjar Ghaem. 2000. Radio Frequency Identification Tag
Having an Article Integrated Antenna. (August 2000).

[13] Chuhan Gao, Yilong Li, and Xinyu Zhang. 2018. LiveTag: Sensing Human-Object
Interaction through Passive Chipless WiFi Tags. In 15th USENIX Symposium on
Networked Systems Design and Implementation (NSDI 18). USENIX Association,
Renton, WA, 533–546. https://www.usenix.org/conference/nsdi18/presentation/
gao

[14] Gonzalo Garcia-Perate, Nicholas Dalton, Ruth Conroy-Dalton, and Duncan
Wilson. 2013. Ambient Recommendations in the Pop-up Shop. In Proceed-
ings of the 2013 ACM International Joint Conference on Pervasive and Ubiqui-
tous Computing (UbiComp ’13). ACM, New York, NY, USA, 773–776. https:
//doi.org/10.1145/2493432.2494525

[15] A. Gupta, A. Kembhavi, and L. S. Davis. 2009. Observing Human-Object In-
teractions: Using Spatial and Functional Compatibility for Recognition. IEEE
Transactions on Pattern Analysis and Machine Intelligence 31, 10 (Oct 2009), 1775–
1789. https://doi.org/10.1109/TPAMI.2009.83

[16] Roberto Hoyle, Robert Templeman, Steven Armes, Denise Anthony, David Cran-
dall, and Apu Kapadia. 2014. Privacy Behaviors of Lifeloggers Using Wearable
Cameras. In Proceedings of the 2014 ACM International Joint Conference on Perva-
sive and Ubiquitous Computing (UbiComp ’14). ACM, New York, NY, USA, 571–582.
https://doi.org/10.1145/2632048.2632079

[17] Hiroshi Ishii and Brygg Ullmer. 1997. Tangible Bits: Towards Seamless Interfaces
Between People, Bits and Atoms. In Proceedings of the ACM SIGCHI Conference
on Human Factors in Computing Systems (CHI ’97). ACM, New York, NY, USA,
234–241. https://doi.org/10.1145/258549.258715

http://xyzhang.ucsd.edu/
https://www.synergylabs.org/yuvraj/
http://www.chrisharrison.net/
http://www.chrisharrison.net/
http://cseweb.ucsd.edu/~chc004/
http://xyzhang.ucsd.edu/
https://cs.nju.edu.cn/ww/
https://samsonsjarkal.github.io/KeSun/
https://www.instructables.com/id/Print-Conductive-Circuits-With-An-Inkjet-Printer/
https://www.instructables.com/id/Print-Conductive-Circuits-With-An-Inkjet-Printer/
https://www.amazon.com/dp/B008OA931A/ref=cm_sw_su_dp#feature-bullets-btf
https://www.amazon.com/dp/B008OA931A/ref=cm_sw_su_dp#feature-bullets-btf
https://www.bareconductive.com/shop/electric-paint-50ml/
https://www.bareconductive.com/shop/electric-paint-50ml/
https://doi.org/10.1177/089443930101900204
http://arxiv.org/abs/https://doi.org/10.1177/089443930101900204
https://doi.org/10.1007/978-3-319-92564-6_7
https://doi.org/10.1145/3225058.3225080
https://doi.org/10.1145/3225058.3225080
http://papers.nips.cc/paper/4224-learning-person-object-interactions-for-action-recognition-in-still-images.pdf
http://papers.nips.cc/paper/4224-learning-person-object-interactions-for-action-recognition-in-still-images.pdf
http://papers.nips.cc/paper/4224-learning-person-object-interactions-for-action-recognition-in-still-images.pdf
https://www.usenix.org/conference/nsdi18/presentation/gao
https://www.usenix.org/conference/nsdi18/presentation/gao
https://doi.org/10.1145/2493432.2494525
https://doi.org/10.1145/2493432.2494525
https://doi.org/10.1109/TPAMI.2009.83
https://doi.org/10.1145/2632048.2632079
https://doi.org/10.1145/258549.258715


Abstract of Innovation Proposal for Qualcomm Innovation Fellowship 2019 Chen Chen, Ke Sun*, and PI: Xinyu Zhang

[18] Mitchell Kline. 2010. Capacitive Power Transfer. Master’s thesis. EECS Depart-
ment, University of California, Berkeley. http://www2.eecs.berkeley.edu/Pubs/
TechRpts/2010/EECS-2010-155.html

[19] Dmitry G. Korzun, Sergey I. Balandin, and Andrei V. Gurtov. 2013. Deployment
of Smart Spaces in Internet of Things: Overview of the Design Challenges. In
Internet of Things, Smart Spaces, and Next Generation Networking, Sergey Balandin,
Sergey Andreev, and Yevgeni Koucheryavy (Eds.). Springer Berlin Heidelberg,
Berlin, Heidelberg, 48–59.

[20] Gierad Laput, Walter S. Lasecki, Jason Wiese, Robert Xiao, Jeffrey P. Bigham, and
Chris Harrison. 2015. Zensors: Adaptive, Rapidly Deployable, Human-Intelligent
Sensor Feeds. In Proceedings of the 33rd Annual ACM Conference on Human
Factors in Computing Systems (CHI ’15). ACM, New York, NY, USA, 1935–1944.
https://doi.org/10.1145/2702123.2702416

[21] J. MeliÃă-SeguÃŋ and R. Pous. 2014. Human-object interaction reasoning using
RFID-enabled smart shelf. In 2014 International Conference on the Internet of
Things (IOT). 37–42. https://doi.org/10.1109/IOT.2014.7030112

[22] Dominick L. Monico. 2001. Low cost long distance RFID reading. (July 2001).
[23] Motorola Inc. [n. d.]. BiStatix Technology, White Paper Version 4.1. ([n. d.]).

http://www.mindspring.com/~us010466/BiStatix%20Whitepaper%20r4.1.pdf
[24] Babak Nivi. 1997. Passive wearable electrostatic tags. Ph.D. Dissertation. Mas-

sachusetts Institute of Technology.
[25] Matthai Philipose, Kenneth P. Fishkin, Mike Perkowitz, Donald J. Patterson,

Dieter Fox, Henry Kautz, and Dirk Hahnel. 2004. Inferring Activities from
Interactions with Objects. IEEE Pervasive Computing 3, 4 (Oct. 2004), 50–57.
https://doi.org/10.1109/MPRV.2004.7

[26] Ivan Poupyrev, Chris Harrison, and Munehiko Sato. 2012. TouchÉ: Touch and
Gesture Sensing for the Real World. In Proceedings of the 2012 ACM Conference
on Ubiquitous Computing (UbiComp ’12). ACM, New York, NY, USA, 536–536.
https://doi.org/10.1145/2370216.2370296

[27] Ke Sun, Wei Wang, Alex X. Liu, and Haipeng Dai. 2018. Depth Aware Finger
Tapping on Virtual Displays. In Proceedings of the 16th Annual International
Conference on Mobile Systems, Applications, and Services (MobiSys ’18). ACM, New
York, NY, USA, 283–295. https://doi.org/10.1145/3210240.3210315

[28] Ke Sun, Ting Zhao, Wei Wang, and Lei Xie. 2018. VSkin: Sensing Touch Gestures
on Surfaces of Mobile Devices Using Acoustic Signals. In Proceedings of the 24th
Annual International Conference on Mobile Computing and Networking (MobiCom
’18). ACM, New York, NY, USA, 591–605. https://doi.org/10.1145/3241539.3241568

[29] Emmanuel Munguia Tapia, Stephen S Intille, and Kent Larson. 2004. Activity
recognition in the home using simple and ubiquitous sensors. In International
conference on pervasive computing. Springer, 158–175.

[30] UCSD. [n. d.]. Calit2 : California Institute for Telecommunications and Informa-
tion Technology. http://www.calit2.net/about/info/ucsd/. ([n. d.]). (Accessed on
01/09/2019).

[31] Ju Wang, Omid Abari, and Srinivasan Keshav. 2018. Challenge: RFID Hacking
for Fun and Profit. In Proceedings of the 24th Annual International Conference on
Mobile Computing and Networking (MobiCom ’18). ACM, New York, NY, USA,

461–470. https://doi.org/10.1145/3241539.3241561
[32] Lei Wang, Kang Huang, Ke Sun, Wei Wang, Chen Tian, Lei Xie, and Qing Gu.

2018. Unlock with Your Heart: Heartbeat-based Authentication on Commercial
Mobile Phones. Proc. ACM Interact. Mob. Wearable Ubiquitous Technol. 2, 3, Article
140 (Sept. 2018), 22 pages. https://doi.org/10.1145/3264950

[33] L. Wang, K. Sun, H. Dai, A. X. Liu, and X. Wang. 2018. WiTrace: Centimeter-
Level Passive Gesture Tracking Using WiFi Signals. In 2018 15th Annual IEEE
International Conference on Sensing, Communication, and Networking (SECON).
1–9. https://doi.org/10.1109/SAHCN.2018.8397120

[34] Wei Wang, Alex X. Liu, and Ke Sun. 2016. Device-free Gesture Tracking Using
Acoustic Signals. In Proceedings of the 22Nd Annual International Conference on
Mobile Computing and Networking (MobiCom ’16). ACM, New York, NY, USA,
82–94. https://doi.org/10.1145/2973750.2973764

[35] Roy Want and Daniel M Russell. 2000. Ubiquitous electronic tagging. IEEE
Distributed Systems Online 2 (2000), null.

[36] Teng Wei and Xinyu Zhang. 2016. Gyro in the Air: Tracking 3D Orientation of
Batteryless Internet-of-things. In Proceedings of the 22Nd Annual International
Conference on Mobile Computing and Networking (MobiCom ’16). ACM, New York,
NY, USA, 55–68. https://doi.org/10.1145/2973750.2973761

[37] Mark Weiser. 1991. The Computer for the 21 st Century. Scientific American 265,
3 (1991), 94–105.

[38] Yang Zhang and Chris Harrison. 2015. Tomo: Wearable, Low-Cost Electrical
Impedance Tomography for Hand Gesture Recognition. In Proceedings of the 28th
Annual ACM Symposium on User Interface Software &#38; Technology (UIST ’15).
ACM, New York, NY, USA, 167–173. https://doi.org/10.1145/2807442.2807480

[39] Yang Zhang, Gierad Laput, and Chris Harrison. 2017. Electrick: Low-Cost Touch
Sensing Using Electric Field Tomography. In Proceedings of the 2017 CHI Con-
ference on Human Factors in Computing Systems (CHI ’17). ACM, New York, NY,
USA, 1–14. https://doi.org/10.1145/3025453.3025842

[40] Yang Zhang, Robert Xiao, and Chris Harrison. 2016. Advancing Hand Gesture
Recognition with High Resolution Electrical Impedance Tomography. In Proceed-
ings of the 29th Annual Symposium on User Interface Software and Technology (UIST
’16). ACM, New York, NY, USA, 843–850. https://doi.org/10.1145/2984511.2984574

[41] Yang Zhang, Chouchang (Jack) Yang, Scott E. Hudson, Chris Harrison, and
Alanson Sample. 2018. Wall++: Room-Scale Interactive and Context-Aware
Sensing. In Proceedings of the 2018 CHI Conference on Human Factors in Computing
Systems (CHI ’18). ACM, New York, NY, USA, Article 273, 15 pages. https://doi.
org/10.1145/3173574.3173847

[42] Thomas Guthrie Zimmerman. 1995. Personal Area Networks (PAN): Near-Field
Intra-Body Communication. Ph.D. Dissertation. Massachusetts Institute of Tech-
nology.

[43] Thomas G. Zimmerman, Joshua R. Smith, Joseph A. Paradiso, David Allport, and
Neil Gershenfeld. 1995. Applying Electric Field Sensing to Human-computer
Interfaces. In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems (CHI ’95). ACM Press/Addison-Wesley Publishing Co., New York, NY,
USA, 280–287. https://doi.org/10.1145/223904.223940

http://www2.eecs.berkeley.edu/Pubs/TechRpts/2010/EECS-2010-155.html
http://www2.eecs.berkeley.edu/Pubs/TechRpts/2010/EECS-2010-155.html
https://doi.org/10.1145/2702123.2702416
https://doi.org/10.1109/IOT.2014.7030112
http://www.mindspring.com/~us010466/BiStatix%20Whitepaper%20r4.1.pdf
https://doi.org/10.1109/MPRV.2004.7
https://doi.org/10.1145/2370216.2370296
https://doi.org/10.1145/3210240.3210315
https://doi.org/10.1145/3241539.3241568
http://www.calit2.net/about/info/ucsd/
https://doi.org/10.1145/3241539.3241561
https://doi.org/10.1145/3264950
https://doi.org/10.1109/SAHCN.2018.8397120
https://doi.org/10.1145/2973750.2973764
https://doi.org/10.1145/2973750.2973761
https://doi.org/10.1145/2807442.2807480
https://doi.org/10.1145/3025453.3025842
https://doi.org/10.1145/2984511.2984574
https://doi.org/10.1145/3173574.3173847
https://doi.org/10.1145/3173574.3173847
https://doi.org/10.1145/223904.223940

	References

